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Science: Build unprecedented dataset to

better understand aerosol-cloud-meteorology
interactions, improve physical parameterizations
for Earth system and weather forecasting
models, assess remote sensing retrieval
algorithms, and guide plans for future satellite
missions.

u Platforms: HU-25 Falcon + King Air

U Initial goal of 150 joint airplane missions
(~600 hrs per plane) over western North
Atlantic Ocean

U Based out of NASA LaRC, Hampton, VA

U Measurements: In situ and remote sensing
measurements of aerosol and cloud
distributions and properties, atmospheric
state
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. . Objective 2. Improve process-level understanding and model

Science objectives and questions related to acquisition and use of a representation of factors governing cloud micro/macro-physical

large in situ and remote sensing dataset of aerosols and MEL clouds properties and how they couple with cloud effects on aerosal.

(spanning the continuum from siratiform to cumulus) A, What are the relationships between Ny, cloud micro/macro-

physical properties, and meteorology?

Objective 1. Quantify Ns-CCN-Ny relationships and reduce uncertainty in B.  To what extent do uncertainties in Na/cloud/meteorology

model cloud droplet activation parameterizations. relationships within the targeted cloud regimes in global aerosal-

A.  How do these relationships depend on aerosol characteristics climate models come from biases in aerosols, clouds, and
(e.g., amount, size, composition, type) and dynamic and meteorological factors? How can the identified model biases and
thermodynamic properties? un{:ertainﬁgs be reduced using the measurema:nta? _

B.  How consistent are these relationships across the complete range C. How can chimate models better represent conditions with known
of spatial scales provided by in situ measurements and airborne challenges, such as post-frontal clouds and cold air outbreaks?

. : : D.  What is the signature of cloud effects on the CCN budget (e.g.,
and satellite remute_ 52nsing n_etrlevé_als? _ | wet scavenging, aqueous processing).

C.  What are the magnitudes of biases in the Na-CCN-Ny relationships Deliverables: Improved model parameterizations for relationships
from satellite aerosol proxies? How do these translate to between cloud microphysical and macrophysical properties; unique
uncertainties in N parametenzations in current global asrosol- dataset using a sustained long-term strategy for model intercomparison
climate models? and process-based studies

Deliverables: Improved model representations of No-CCN-Ng Objective 3. Assess advanced remote sensing capabilities for retrieving

relationships: unique dataset using a sustained long-term strategy for aerosol and cloud properties related to aerosol-cloud interactions.

model intercomparison and process-based studies A.  How well and under what conditions can active and passive

remote sensing retrievals provide improved measurements for Ng
and proxies for CCN concentration?

B. How well can a combination of remote sensors improve
measuraments of LWP?

Deliverables: Evaluation and intercomparison of CCN and Ny retrievals

and measurements; evaluation of LWF as a function of scale
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Threshold and Baseline Requirements

a. Conduct joint flights with two aircraft to sample the equivalent of
250 ‘cloud ensembles’ over the western North Atlantic Ocean. A
minimum of 15 additional ‘clear air ensembles’ will be in clear air
conditions during joint flights with two aircraft.

b. During the flights described in (a), acquire in situ data on aerosol,
gas, cloud, and meteorological parameters from an aircraft flying in the
boundary layer (see Table 3-1).

c. During the flights described in (a), acquire remote sensing data for
aerosol and cloud parameters from an aircraft flying above the
boundary layer (see Table 3-2).

d. Deliver data, associated information, and data library of measured
parameters for individual 'cloud ensembles' to ASDC for archival and
public access. All details are in the data management plan. Data
delivery latencies in Table 8-1, IIP.

e. Conduct analysis on the collected data in conjunction with multi-
scale modeling to determine relationships between aerosols, Ny, cloud
micro/macro-physical properties, and meteorology, and to identify
model biases in aerosols, clouds, and meteorological factors.

f. Assess lidar-only, polarimeter-only, and combined lidar-polarimeter
algorithms to improve the capability to retrieve aerosol and cloud
optical and microphysical properties.

g. Use satellite observations to assess spatial and temporal variability in
aerosol and cloud properties in the study region and to determine
magnitudes of biases in the N,-CCN-N relationships from satellite
aerosol proxies and how these translate to uncertainties in Ny
parameterizations in current global aerosol-climate models.

h. Improve how models simulate aerosols, clouds, and their interactions
for conditions in the ACTIVATE region.

i. Publish and present science data to the public. Provide open data
workshops for the public.

a. Conduct flights to sample the equivalent of 200 ‘cloud ensembles’
over the western North Atlantic Ocean of which 50% are joint aircraft
flights with two aircraft; the other 50% will be with the HU-25 aircraft.
A minimum of 12 additional ‘clear air ensembles’ will be in clear air
conditions during joint flights with two aircraft.

b. Same as baseline but with a combination of reduced instruments
collecting data and less time for instruments to collect data.

c. Same as baseline but for 100 ‘cloud ensembles’ and 12 ‘clear air
ensembles’.

d. Deliver data and associated information to ASDC for archival and
public access. All details are in the data management plan. Data
delivery latencies in Table 8-1, IIP.

e. Same as baseline but with less comprehensive measurements based

on data collected corresponding to rows b-c of the Threshold Mission.

f. Assess lidar-only and polarimeter-only algorithms to improve the
capability to retrieve aerosol and cloud optical and microphysical
properties for half of the flights that involve two aircraft.

g. Same as baseline but for half of the flights that involve two aircraft.

h. Same as baseline but with less comprehensive measurements.

i. Same as baseline.
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Platforms

High-Altitude Remote Sensing
King Air

Altitude: 9 km
Airspeed: 120 m/s
Duration: ~4 hours

Low-Altitude In-situ
HU-25 Falcon

Altitudes: 0.15- 3 km
Airspeed: 100-130 m/s
Duration: ~4 hours




Payload: Falcon External Probes

Cloud Residual Properties (CVI)

Cloud Aerosol
Precipitation
Spectrometer (Langley)

Turbulent Air-Motion
Measurement

Cloud Droplet
Probe

AC3 Cloud
Collector

FCDP/2D-S Cloud

probe (DLR)
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Payload: Falcon In-Situ Measurements

Trace Gases ACTOSO| Aerosol
Ozone, CO, " Composition
CO2, H20 Composition(PILS) | | (R ToF-AMS)
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Aerosol Optical
Scattering, Cloud
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Hygroscopicity Nuclei
Aerosol
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Payload: King Air

High Spectral
Resolution Lidar
(HSRL-2)

Research
Scanning

Polarimeter

(RSP)
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Tube
Penetration

Dropsonde
(AVAPS) and
RSP support

Electronics
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